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Single screw expansion is widely used in petroleum and chemical department, energy recovery engineering, power 
engineering and many practical applications. Yet the problems of gas leakage in the single screw expansion 
seriously affect its efficiency. An experimental investigation of gas-liquid two-phase flow patterns and pressure drop 
inside the single screw expansion has been carried out. The flow patterns are distinguished and recorded by high 
speed camera using the backlight imaging tomography. The test section made of plexiglass is manufactured 
according the screw of single screw expander prototype whose diameter and length of are 155mm and 112mm. 
There are five flow patterns in the screw channel: bubbly flow, dispersed bubbly flow, slug flow, churn flow and 
annular flow. The flow pattern map of the test channel is presented and compared with the flow pattern map of 
typical available models. The effect of ReL and ReG on pressure drop is presented. Pressure frequency of four flow 
patterns and their PDF function are presented. Based on the experimental data a new correlation to predict the liquid 
multiplier factor of test channel is purposed. 




Organic Rankine Cycle (ORC) has been found in wide applications in metallurgical, electric, the natural gas 
transmission and so on, which is an effective way of recovering the waste heat and pressure resources. In these 
industries, a large amount of waste heat at low temperature (below 230 ℃) has been underused because traditional 
steam turbines are not available to convert heat energy into electrical energy. The single screw expander is a kind of 
volumetric expansion machine with the power from 1kW to 1000 kW. This type of expander applied in ORC system 
extends the range of heat source temperature. As the working fluid (dry/wet vapor) expands in the single screw 
expander the lubricating flow together with the gas. It is noted that the amount of gas were decreased in leak by 25 
to 30 percent even in the oil feeding of 100g/h (Schels C, 1984). Then the development of prime movers and used in 
low temperature source is more significant.  
Two-phase flow through the channels of single screw expander is greatly more complex substantially than that of 
general helical coiled tubes. The complexity performance exists in two aspects. The first is two-phase flow 
interaction effect between two adjacent screw channels. The other one is continuous changes in cross section area 
and shape alone the axial direction of the screw channel. It is important to assess the irreversible loss for precisely 
designing single screw expander. Liu X F and Xia G D (2014) simulated the two-phase flow frictional pressure drop 
and liquid holdup under different torsions and inlet sectional liquid holdup in screw channels. The results showed 
that decreasing the pitch diameter or increasing the inlet liquid holdup would bring about the increase of pressure 
drop. They fitted the pressure drop correlations in the consideration of pitch diameter.  
The experimental researches on pressure drop for helically coiled channels are large, but they are questionable if 
the channels are tested in vertical orientation. Some of works discussing the pressure drop characteristics and the 
correlations have been proposed by Ripple et al. (1966), Owhadi et al. (1968), Akagawa et al. (1972), Xin et al 
(1996). Others carried out air-water flow experiments in helically tubes and analyzed differential pressure 
fluctuation characteristics through diverse analytical tools. Among the former works, the Lockhart-Martinelli (1949) 
method has been generally used to predict the two phase flow pressure drop for helical channels in vertical 
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orientation. However, the screw channels of single screw expander are worked in horizontally orientation. Chen and 
Guo (1999) found that the relationship between two-phase multiplier and the reciprocal of the Martinelli parameter 
X is not monotonous in helical tubes at horizontally orientation. So they modified Chisholm method which showed 
that the maximum deviation between experimental data and predicted values is within 30%. Awwad (1995) also 
indicated that L-M correlation was not valid in the prediction except in the high flow rates and modified the L-M 
correlation by firstly induced the Froude number and dimensionless parameter d/D in the expression. In spite of 
Awwad (1995) indicated that helix angle (0-20°) had no effect on pressure drop, R. C. XIN (1996) induced the 
inclined angle β into proposed correlation to predict the pressure drop experiment data. Sailendra M and Sudip D 
(2002) carried out the experimental for gas-Newtonian liquid through 24 helical coils. They suggested the 
correlations to predict the pressure drop with acceptable accuracy based on the Awwad (1995) model. Asit B (2007) 
evaluated the two-phase frictional pressure drop for air non-Newtonian liquid through 36 different helical coils and 
correlated the experimental data by dimensional analysis. 
 For assessing the irreversible loss and implementing real-time monitor of the screw channel, a lot of researches 
on differential pressure fluctuations were reported. Pinto and Campos investigated the behavior of Taylor bubble by 
measurement the pressure fluctuation in vertical tubes. Bai (2002) conducted the two-phase flow differential 
pressure fluctuations experiment and analyzed the change of the average, root mean square, and fractal dimension 
with different gas and liquid superficial velocity. Zhou (2003) extracted the probability density function of 
differential pressure fluctuations in different two-phase flow patterns and concluded that it could identify the 
two-phase flow patterns. Shaband (2014) studied the power spectral density function of two-phase flow differential 
pressure fluctuations characteristics. Literature review showed that the previous works of research subject mainly 
questioned on upward two-phase flow in vertical straight tubes. The works on the helical tube are rather scarcity in 
spite of the various applications the research. 
This work focuses on the pressure drop characteristics of air-water two-phase flow in screw channels. Five 
two-phase flow patterns were identified in screw channels. Differential pressure fluctuations characteristics in 
different superficial gas and liquid velocity for five flow patterns are discussed and analyzed by extracting their 
probability density function. The frictional pressure drop data of screw channel are compared with the correlations 
of Lockhart-Martinelli (1949). The correlation of the pressure drop is proposed for screw channel. 
 
2. EXPERIMENT SETUP 
 
The air-water two-phase flow experimental apparatus including the gas and water supplying system, measuring 
apparatus, test section and data acquisition system is shown schematically in Fig.1. In this flow loop, water stored in 
a storage tank with an internal volume of 1 m3 and driven by a stainless steel centrifugal pump in the loop. Air was 
supplied by an air-compressor and then flows through the air measuring station. The gas flow rate was measured by 
a thermal mass flow meter with an accuracy of ±1.0%. The water flow rate was measured by an electromagnetic 
flow meter with an accuracy of±0.5%. Then these two fluids entered the test section after a mixing chamber. The 
flow patterns are distinguished and recorded by high speed camera using the backlight imaging tomography. The 
pressure measurement probes were fixed near the inlet and outlet on the text channel and they were statistical to 
calculate the pressure drop in the screw channel.  
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Fig.2 Single screw expander prototype and the test section 
 
Diagram of single screw expander prototype and the test section is presented in Fig. 2. The test section made of 
plexiglass is manufactured according the screw of single screw expander whose diameter (D) and length (L) of are 
155mm and 112mm. Diagraph of the a test channel model in the screw is presented in Fig.3. The screw channel is a 
helical channel with variable quadrilaterals cross-sections. And the screw channel is characterized that the largest 
flowing area is in the 90ºturn relative to the inlet and slightly decrease to the outlet and inlet. 
 
 
Fig.3 The model of test channel in single screw expander prototype 
 
3. RESULTS AND DISCUSSIONS 
 
3.1 The flow pattern map of screw channel 
Two typical models of flow pattern maps for different tube structures were used for exploring the screw channel 
flow pattern transitions mechanism. Flow pattern map of Taitel et al. (1983) for upward two-phase flow has been 
selected, since they have been successfully applied to many flow configurations. The flow pattern map of Guo (1987) 
was developed for air-water two-phase flow in the helically coiled tubes. Fig.3 (a)-(b) compares the flow pattern 
map of upward flow section in screw channel with the selected models.  
A good agreement is found between the present data and the Taitel et al. (1983) model for flow pattern transition 
from bubbly flow to slug flow. Taitel et al. model is based on a critical void fraction, with predicted values of 0.25. 
The gas superficial velocity UsG value at slug to churn transition lines in screw channel is lower than that in vertical 
tube. It is can be seen the consistency of flow pattern transition between the text channel and the Taitel et al. model 
is not very well because the different geometry structure between these two channels. 
In the screw channel, dispersed flow emerges at the liquid superficial velocity UsL value increase to more than 
1.2m/s. The consistency between Guo et al. model and present date is very well for bubble to dispersed transition. In 
addition, a good agreement between the experimental data and Guo et al. model for churn to annular flow pattern 
transition can be found in Fig.3 (b).  
 
3.2 Two-phase pressure drop frequency 
The probability density function applied to character the pressure frequency is defined as: 




Where ni is the number of amplitude value in the i region, N is the total number of the measurement data. 
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Fig.3 Comparison between experimental data and existing flow pattern transition models 
for: (a) Taitel et al. (b) Guo et al. 
 
 
The fluctuations signal of differential pressure with different UsL and UsG of bubbly flow, dispersed bubble flow, slug 
flow and annual flow in screw channel are shown in Fig. 4, 6, 8 and 10, respectively. The range of fluctuations for 
bubbly flow is smallest and for annular flow is largest among these flow patterns. The fluctuations of differential 
pressure were in the range of 0.05-0.4 kPa and 0.6-6.5 kPa for bubbly flow and annular flow. The fact is bubbly flow 
occurred in the low UsL and UsG with low turbulence intensity. And the annular flow always happened in high UsG 
and accompanied by strong swirling flow of gas. There are obvious periodic oscillations in the fluctuations signals 
of slug flow with the range of -0.3-0.3kPa. The fluctuations signal of differential pressure of dispersed bubble flow 
with the range of 0.7-2.2kPa. Dispersed bubble flow happened in high UsL with strong liquid turbulence intensity. 
The increasing of UsL enlarged the liquid turbulence intensity which made the bubbly flow transferred to the 
dispersed bubble flow.  
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Fig. 4 Pressure fluctuations in bubbly flow Fig. 5 Probability density function in bubbly flow 
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Fig. 6 Pressure fluctuations in dispersed bubble 
flow 
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 Fig. 9 Probability density function in slug flow 
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Fig. 10 Pressure fluctuations in annular flow Fig. 11 Probability density function in annular flow 
 
For the purpose of more information extraction from differential pressure fluctuations signal probability density 
function of these four flow regimes are shown in Fig. 5, 7, 9 and 11. Transverse amplitude of the probability density 
function represented the amplitude of fluctuation. Probability density curve in the bubbly flow was forward-peaked 
distribution with narrow transverse amplitude. The mean value ( UsL= 0.21m/s, 0.29m/s, 0.34m/s) are 0.066 kPa, 
0.273 kPa, 0.309 kPa, and standard deviation are 0.003 kPa, 0.009 kPa, 0.013 kPa. With the increase of liquid flow 
rate the mean value and standard deviation of the differential pressure fluctuations signal are increasing. This may 
due to the increasing UsL would enlarge the liquid disturbance, which made the energy fluctuation increase. For the 
dispersed bubble the probability density curve resembled normal distribution flow and its transverse amplitude was 
wider than that of bubbly flow. The mean value ( UsL= 1.07m/s, 1.22m/s, 1.49m/s) are 0.122 kPa, 0.136 kPa, 0.156 
kPa, and standard deviation are 0.041 kPa, 0.225 kPa, 0.015 kPa. The increasing mean value and standard deviation 
for dispersed bubble flow due to the strong turbulence intensity. Probability density curve of this flow regime was 
abnormal distribution and exist the double peak distribution. The mean value ( UsL= 0.22 m/s, 0.31 m/s, 0.45 m/s) 
are 0.182 kPa, 0.256 kPa, 0.352 kPa, and standard deviation of slug flow are 0.041 kPa, 0.225 kPa, 0.015 kPa. 
Standard deviation of slug flow is smaller than that of dispersed flow because of periodic oscillations in the slug 
flow. The mean value of annular flow ( UsL= 5.5 m/s, 10.3 m/s, 8.7 m/s) are 1.854 kPa, 3.759 kPa, 4.066 kPa, and 
standard deviation are 0.671 kPa, 0.873 kPa, 2.874 kPa. Transverse amplitude of probability density curve for 
annular flow was the widest. 
 
3.3 Friction pressure drop prediction of the screw channel 
The Lockhart-Martinelli method is the effective approach to harmonize data of two-phase flow. Yet 
Lockhart-Martinelli method applied for non-straight tubes have lower accuracy (Awwad (1995), Chen (1999)). 
Measured pressure drop of two phase flow is generally expressed as follows: 
                       (2) 
Where       is the frictional pressure drop,       is the acceleration pressure drop and       is the 
gravitational pressure drop. The acceleration effect can be neglect because of no phase change in two-phase flow. 
The gravitational pressure drop has been considered as zero because the inlet and outlet of screw channel were in the 
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same height from ground level. Then the frictional pressure drop can be expressed by  
           (3) 
The experiment data are reduced with the help of liquid friction multiplier  and gas friction multiplier  , 
their definitions are as follows: 
              (5) 
              (6) 
The liquid friction multiplier  and gas friction multiplier   related the Lockhart-Martinelli parameter, X 
           (4) 
For L-M method the liquid friction multiplier L,C is calculated by: 
         
          
       
 (7) 
         
          
       
 (8) 
For Chisholm method the liquid friction multiplier L,C is calculated by: 







Where n and c in equation (7), (8) and (9) is related with the state of two-phase flow. The single-phase flow pressure 
drop is calculated by the equations below: 
           
      (10) 
           
      (11) 
Where    is the length of the screw channel, d is the hydraulic diameter of the screw channel. The single-phase 




       






     
  
   
 (12) 
         (13) 
Where D is the coil diameter, De is the Dean number. For turbulence flow, the friction factor is calculated from the 





   






     
 (14) 
Fig.12 shows the influence of ReG on the two-phase frictional pressure drop of the screw channel various ReL. It 
is can be found that the pressure drop of the screw channel is increases with increasing the ReG and ReL. Fig. 13-14 
shows the measured gas and liquid pressure drop multiplier factors for the screw channel in terms of L-M parameter. 
 






























Fig.12 Pressure drop related with ReL and ReG of the screw channel 
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In addition, the L-M correlations for two phase flow in screw channel are presented with imaginary line. The friction 
multiplier factors are closed to the L-M correlations. However, the pressure drop of screw channel is also related to 
the liquid flow rate.  





















Fig.13 Gas multiplier factor of the screw channel 
compared with L-M correlation 
Fig.14 Liquid multiplier factor of the screw 
channel compared with L-M correlation 
 
A new correlation predicting the pressure drop in screw channel based on the expressions by Xin (1996) is 
presented to fit with experimental data. The new correlation is terms of Fr, D/d and X, which considering the inertia 
force, liquid gravity force and centrifugal force effect. The model applied to predict the pressure drop is as 
following:  
         
 
   
     (15) 
Where for FS<0.1, C=7.4; 0.1< FS <0.5, C=9.6, FS >0.5, C=15.6. FS is defined as 
   







   
 (16) 
 




  2.68       5.52        8.21   
 11.05      13.89      15.78 










Fig.15 Friction pressure drop prediction of the screw channel compared with experimental data 
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The maximum error of the liquid multiplier factor  L between the equation (15) and the experimental data is 
15%. The pressure drop experimental data of screw channel compared with the new correlation is showed in fig.15. 




Five flow patterns are observed in the screw channel and the flow pattern map compared with available models is 
analyzed. The gas-liquid two-phase pressure drop characteristics in the screw channel with complex cross-section 
are investigated in this work. Pressure frequency of four flow patterns and their PDF function are presented. The 
results are as following: 
(1) There are five flow patterns in the screw channel: bubbly flow, dispersed bubbly flow, slug flow, churn flow 
and annular flow. 
(2) The pressure drop of the screw channel is increases with increasing the ReG and ReL. 
(3) The friction multiplier factors are not only related the L-M correlations, but also related to the liquid flow 
rate. 
(4) Base on the experimental data and the existing predicting model a new correlation is purposed to calculate 
the friction pressure drop for the screw channel. And for 0<ReG<2100, 1000<ReL<18000, there is a good agreement 




D diameter of the screw (mm) 
d hydraulic diameter of the screw channel (mm) 
L length of the screw  (mm) 
LS length of the screw channel (mm) 
UsL liquid superficial velocity (m/s) 
UsG gas superficial velocity (m/s) 
ReL. liquid Reynolds number  
ReG gas Reynolds number  
ni number of amplitude value in the i region  
N total number of the pressure data  
   liquid friction multiplier  
   gas friction multiplier  
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